Abstract -The aim of this study was to detect and describe the existence and incidence of anatomical variations of the celiac trunk and superior mesenteric artery. The study was conducted on 150 persons, who underwent abdominal MultiDetector Computer Tomography (MDCT) angiography, from April 2010 until November 2012. CT images were obtained with a 64-row MDCT scanner in order to analyze the vascular anatomy and anatomical variations of the celiac trunk and superior mesenteric artery. In our study, we found that 78% of patients have a classic anatomy of the celiac trunk and superior mesenteric artery. The most frequent variation was the origin of the common hepatic artery from the superior mesenteric artery (10%). The next variation, according to frequency, was the origin of the left gastric artery direct from the abdominal aorta (4%). The arc of Buhler as an anastomosis between the celiac trunk and superior mesenteric artery, was detected in 3% of cases, as was the presence of a common trunk of the celiac trunk and superior mesenteric artery (in 3% of cases). Separate origin of the splenic artery and the common hepatic artery was present in 2% of patients. The MDCT scanner gives us an insight into normal anatomy and variations of the abdominal blood vessels, which is very important in the planning of surgical interventions, especially transplantation, as well as in the prevention of complications due to ischemia.
INTRODUCTION
The celiac trunk and the superior mesenteric artery are accepted as the most important ventral visceral branches of the abdominal aorta with regard to their vascularization field (Cicekcibasi et al., 2005) . The celiac trunk, as a first ventral visceral branch of abdominal aorta, divides into three branches: the left gastric artery, the common hepatic artery and the splenic artery (Van Damme and Bonte, 1990; Oran et al., 2001; Cicekcibasi et al., 2005; Chen et al., 2009 ). This trifurcation of the celiac trunk has been considered as the normal vascular anatomy for many years (Van Damme and Bonte, 1990; Oran et al., 2001 ).
The superior mesenteric artery supplies the pancreas and intestine from the lower part of the duodenum through 2/3 of transverse colon.
Vascular aberrations and anatomical variations of the celiac trunk and the superior mesenteric artery are not infrequent and have been described in many earlier studies. These vascular variations are due to unusual embryological development of the ventral splanchnic branches of aorta (Cavdar, 1997; Oran et al., 2001; Chitra 2009 ). Some of the described variants of the celiac trunk are: 1) the presence of only two of three branches of the celiac trunk, when the third is the branch of superior mesenteric artery or direct branch of aorta (Van Damme and Bonte, 1985; Shoumuro et al., 1991; Harada et al., 1997; Kahraman et al., 2001; Saeed et al., 2003; Babić et al., 2008) ; 2) all three of the classical branches of the celiac trunk are direct branches of aorta (Van Damme and Bonte, 1985; Basar et al., 1995; Yamaka et al., 1995) , and 3) the presence of a celiacomesenteric trunk -a fusion of the celiac trunk and the superior mesenteric artery (Cavdar et al., 1997; Detroux et al., 1998; Agarwal et al., 2000) . Other variations are related to diameter, length or location of these abdominal vessels (Yalcin et al., 2004) .
These variations resulting in variable vascular anatomy of the abdominal viscera are very important to every radiologist or surgeon in planning and conducting surgical or interventional procedures. The first description of variable hepatic arteries was published in 1756 by Haller. The vascular anatomy of the liver was examined in many studies regarding its importance for liver surgery and the therapy of unresectable advanced liver malignancies. Adachi (1928) examined the CT of 252 subjects and classified six types with 28 forms of variations. Michels (1955) proposed a recognized classification of the variations of hepatic arteries, and this classification was modified by Hiatt in 1994 (Koops, 2004 .
The aim of this study was to evaluate MDCTdetected variations of the celiac trunk and superior mesenteric artery, and to compare the results with previous reports in the literature.
MATERIALS AND METHODS
This study was conducted on 150 persons who underwent abdominal MDCT angiography in the period from April 2010 until November 2012. MDCT angiography was performed at the Clinical Center in Kragujevac and private clinic "Ostrog" in Belgrade.
CT images were obtained with a 64-row MDCT scanner (Siemens AG, Medical Solutions Computed Tomography Siemensstr. 1, D-91301 Forchheim, Germany and Toshiba Aquillion 64) with a symmetrical matrix of 64 detector rows, each with a minimum slice thickness of 0.625 mm at a collimation of 0.625. Contrast administration is fundamental to the success of the examination: to inject the contrast material, we used a dual-head injector (Ulrich, GMBH %Co, Buchrunnenweg, Ulm, Germany) which allows the injection of a compact bolus of iodinated contrast material followed by a saline flush (0.9% NaCl). A patient weighing 80 Kg will require an injection of approximately 80 ml of contrast medium followed by 40 ml of saline solution (Ultravist 370, Bayer HealthCare). The injection rate, identical for contrast bolus and saline solution, should be high, as arterial enhancement is directly dependent on flow rate: in our study, a flow rate of 4.5-5.0 ml/s was used. Scan delay was established with the automatic bolus tracking technique. A region of interest was placed at the level of the thoracoabdominal aorta, and the scan was initiated when density in the region reached 150 HU.
Image analysis was performed on a dedicated Siemens console equipped with Syngo software. We used multiplanar reconstructions (MPRs) in the three spatial planes and three-dimensional reconstructions using maximum intensity projection (MIP) and volume rendering (VR).
RESULTS
We found that 78% of patients presented a classic anatomy of the celiac trunk and superior mesenteric artery. The celiac trunk arises from the ventral side of the abdominal aorta, at the level of the 12th thoracic vertebra and then divides into three branches, the left gastric artery, the common hepatic artery and splenic artery. The superior mesenteric artery also has its origin on the ventral side of the abdominal aorta, lower than the origin of the celiac trunk.
Using this imaging technique, we found the existence of variations of these abdominal blood vessels in 22% of patients.
The most frequent variation was the origin of the common hepatic artery from the superior mesenteric artery (10%) (Fig. 1) . The next variation, according to frequency, was the origin of the left gastric artery direct from the abdominal aorta (4%) Fig. 1 . Origin of the common hepatic artery from the superior mesenteric artery. ( Fig. 2) . Separate origin of the splenic artery and the common hepatic artery was present in 2% of patients (Fig. 3) . The presence of a common trunk of the celiac trunk and superior mesenteric artery is rarely present and this variation in our research was detected in 3% of patients (Figs. 4 and 5) . The arc of Buhler as anastomosis between the celiac trunk and superior mesenteric artery was detected in 3% of cases (Fig. 6 ).
DISCUSSION
Vascular anatomical variations of the celiac trunk and the superior mesenteric artery were described by Tandler in 1904, as the result of disorders during embryogenesis. During human embryogenesis, four roots of the omphalomesenteric artery, as the anterior branches of the abdominal aorta, are connected by the ventral longitudinal anastomosis (Längsanasto-mose). The central two of these four roots disappear during embryogenesis and the ventral anastomosis connects the first and the fourth roots. The splenic, left gastric and common hepatic artery arises from this longitudinal anastomosis. The superior mesenteric artery will come from the fourth root of omphalomesenteric artery. Retention or disappearance of any of these arteries results in arterial variation of the celiac trunk or superior mesenteric artery. Based on hypothesis of Tandler (1904) and Morita (1935) , variations of the celiac trunk are classified into 15 forms. There are no data about four of them to date. Adachi (1928) classified these anatomical variations of the celiac trunk into 6 types with 28 forms. Van Damme and Bonte (1985) and Bergman et al. (1989) , after angiographic examinations, found a classic trifurcation of the celiac trunk in 86% of respondents, bifurcation in 12% and the absence of the celiac trunk in 2% of patients. Hazirolan et al. (2009) , using MDCT scanners, found the trifurcation of the celiac trunk in 70% of patients, while in the study of Ferrari et al. (2007) this percentage was lower (56.7%). The results of our study have revealed the presence of classical trifurcation of the celiac trunk in 78% of patients, bifurcation in 14% and the absence of trunk in 2%, which corresponds to the results of previous studies. Hepatic artery variations are described using Michels' (1955) and Hiatt's (1994) classification. Our results showed the existence of a ninth type of variation according to Michels' classification (Table 1) , which was that the common hepatic artery arises from the superior mesenteric artery and this was found in 10% of patients. This corresponds to the fifth type of variation according to Hiatt's classification. Iezzi et al. (2008) revealed the presence of these variations in 3.6% patients. In cadaveric studies of Michels (1955) this variation was found in 4.5% of cadavers. The greater percentage of this variation in our study may be explained by the smaller number of respondents.
The left gastric artery is a direct branch of the celiac trunk. The origin of this artery from the aortic arch was described by Ferrari et al. (2007) , and the percentage of this variation in their study was 1.7%, while the percentage of the same variation was 10% in the study of Piquand (1910) . Hazirolan et al. (2009) showed an incidence of 3%, while the incidence of this variation in our study was 4%.
A separate origin of the splenic artery and the common hepatic artery, without the presence of the celiac trunk, is a rare variation and the incidence in our study was 2%. Winston et al. (2005) found that in 2% of cases the common hepatic artery arises directly from the aortic arch, and Ferrari et al. (2007) found this variation in 1.7% of cases.
The existence of a common celiacomesenteric trunk is a rare variation and according to available literature, it has been found in less than 2% of cases (Hazirolan et al. 2009; Yi et al., 2007; Yilmaz et al., 2013) . In our study, the percentage of this variation was 3%.
Buhler's arc is the anastomosis between the superior mesenteric artery and the celiac trunk. This vascular anastomosis is present in less than 4% of individuals according to Dubel (Dubel, 2007) , and 1.7% according to Ferrari et al. (2007) . The types of the arterial anastomosis between the superior mesenteric artery and the celiac trunk described in the literature are as follows: 1) anastomosis between the gastroduodenal artery (the branch of the common hepatic artery, as the branch of the celiac trunk) and the inferior pancreaticoduodenal arteries (the branches of the superior mesenteric artery); 2) anastomosis between the dorsal pancreatic artery (the branch of the splenic artery, as the branch of the celiac trunk), and the anterior and posterior pancreaticoduodenal arcades (the branches of the superior mesenteric artery are parts of these arcades); 3) ventral arterial anastomosis between the superior mesenteric artery and the celiac trunk described by Buhler in 1904 (McNulty et al., 2001 . The arc of Buhler was present in 3% respondents of our study, what is in agreement with the results of earlier studies.
According to the results of this study, 78% of respondents had a classic anatomy of the celiac trunk and superior mesenteric artery, but in 22% of respondents we found the existence of variations of these abdominal blood vessels. MDCT scanner gave us an insight into normal anatomy and variations of the abdominal blood vessels, which is very important for the planning of surgical interventions, especially transplantation, as well as for the prevention of complications due to ischemia.
